V  \  \ 


AD- A 185  963 


L’vwLWA'A’r.w  w  v  u  u*v.  v*  ^nFvwwwww  n  wj  Wj  n  vj  '  v  v.i  ww  w.v.wv  rr  mJ  v  w 


one  FILE-  C 


nn,; 


AD 


'ntechnicaL 

Report 

33  United  States  Army 

y  Belvoir  Research.  Development  &  Engineering  Center 
Fort  Belvoir.  Virginia  22060-5606 


Report  2453 

Developing  an  Accelerated 
Endurance  Test  for 
Greases— A  Status  Report 

Authored  By: 

In-Sik  Rhee 

Report  Date: 

August  1987 


Approved  for  public  release:  distribution  unlimited. 


OTIC 

scldcTE1 

J  GOT  1  G  1987 

-•  )  ., 

"  E 


A 


% 


l 


c;> 

& 


I 

3 


r. 

I 


•io 


10  3  065 


*w“  ' 


X'\ 


Cv 

$ 

<V- 


§ 


UNCLASSIFIED 


S  paq; 

REPORT  DOCUMENTATION  PAGE 


-  Or-m  ~ppr~.erj 

dmbno  :?;j  nsB 

f«D  Da-e  JO  '536 


•a  sea;;:*-  SEC.3  *'  2. ASS  F  CA'  ON 

UNCLASSIFIED _ 

la  $EC_R  *v  C„aSS  f  Ca*  ON  a^’-CRity 
Zb  DEC^ASS.F  CA  *  ON  DOWNGRADING  SC-iED^Lt 
A  =  ERFOR.MNG  ORGAVZATON  REPOR'  NUMBER'S, 

2-5  3 


‘0  RES ’R.CTVE  VARvNGS 


3  D'S'3  3^'  ON  AvA  iA3  i.'7y  OF  R£RGRT 

Approved  for  Public  Release;  distribution 
Unlimited 

________________________ 

5  MONMOR NG  0=GAVZA- ON  RE;C  =  '  VU/3tJ'.ii- 


6a  NAME  OF  PERFORM  NG  C  =  GAN  ZA*  ON  oo  C«  Ci  S'VBOl  'a  NAME  O?  VONiTQRiNG  ORGAN  ZA*  ON 
Fuels  i  Lubricancs  Div.,  Matls,  (if  applicable! 

Fuels,  Lubes  Laboratory  STRBE-VF 


5c  ADOPESS  Cry,  Stare  ana  Z:P Coael 
Ft.  Belvoir,  VA  21060-5606 


3a  NAME  OF  'uND  NG  SPONSOR  NG 
ORGANiZAt  ON 


3c.  ADDRESS  (Cry,  Stare  ana  CIP  Coael 


[30  of:  CE  S'MBOl 

(If  applicable) 


Ho  ADDRESS  C.fy.  Stare  ana  Z'P  Coael 


9  PROCUREMENT  NS'R^MEN'  DEN'.FCA'CN  \uV8e* 


•Q  SOURCE  OF  f^ndnq  NUMBERS 
PROGRAM  I  RRO/ECT  |-AS< 

Element  no  no  no 


work  _n.* 

ACCESS. CN  NO 


"  i  Lc  (Incluae  Security  Classification) 

DEVELOPING  AN  ACCELERATED  ENDURANCE  TEST  FOR  CREASES--A  STATUS  REPORT 


•2  PERSONAL  auT~08(S) 

In-Sik  Rhee 

1 3a  type  OF  REPORT 

Interim  Report 

’6  SUPPLEMENTARY  NOTATION 


1  3b  time  COVERED 
FROM  t0 


•4  DATE  OF  REPORT  :  Year,  Monrn,  Oayl  :5  page  COUNT 

Aug  1987 


•7 

COSAT  1 

coot  s 

R'ElD 

group 

SUB-GROUP 

'3  SuB.EC"  'ERMS  Continue  on  reverie  >t  necessary  ana  identify  by  block  numoeri 


'9  A35TRAC*  Continue  on  reverse  'f  necessary  ana  crennfy  by  block  numoeri 

The  objective  of  this  study  was  to  deveLop  a  grease  endurance  test  method  which  can  be 
utilized  in  the  comprehensive  test  methodologies  being  developed  for  predicting  the 
performance  life  of  military  grease  under  laboratory  environment.  In  an  initial  study,  the 
ASTM  D3527  test  mechod,  "Life  Performance  of  Automotive  Wheel  Bearing  Grease”  has  been 
evaluated  because  it  is  supposedly  simulating  an  operating  environment  and  has  widespread 
appl  icat ions .  The  results  show  that  this  method  has-  poor  precision,  long-endurance  test  time 
and  poor  simulation  of  field  conditions.  In  particular,  the  termination  criteria  used  in  thi.- 
method  tend  to  extend  grease  life.  To  solve  the  problem,  tentative  termination  criteria  vo re¬ 
developed  based  on  the  softening  of  grease,  which  reduced  the  test  time  and  distinguished 
between  a  good  and  a  poor  grease  as  well  as  the  current  method  is  able  to  Jo.  To  define  the 
L10  life  of  MIL-G-1092L  grease,  baseline  tests  were  conducted  using  the  ASTM  D  352  "  method. 

The  LIO  life  of  this  grease  is  less  than  20  h.  Such  a  grease  is  not  satisfactory  m  militarv 
vehicles  with  wheel  bearings  that  are  equipped  with  disc  brakes. 
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Section  I.  INTRODUCTION 


The  US  Army  is  presently  using  a  multi-purpose  National  Lubricating  Grease  Institute 
(NLGI)  Number  2  consistency  grease  covered  by  Military  Specification  MIL-G-10924D, 
"Grease  Automotive  and  Artillery  (GAA),”  as  the  standard  grease  for  all  Army 
vehicles,  artillery,  and  ground  equipment  operated  worldwide. [1]  With  rapid  advances  in 
automobile  technology,  the  operational  and  system  requirements  of  military  vehicles  and 
equipment  have  imposed  demands  for  increased  capabilities  of  the  lubricating  greases.  To 
meet  these  additional  requirements,  research  is  being  conducted  to  develop  new  perfor¬ 
mance  criteria  that  will  be  required  for  the  "E”  revision  to  M1L-G-10924.  One  of  the 
major  thrusts  in  executing  this  research  effort  is  the  development  of  comprehensive  test 
methodologies  which  can  be  utilized  to  predict  performance  life  of  these  military 
greases. 

A  project  was  initiated  to  develop  a  methodology  for  predicting  the  L10  life  of  grease 
products  under  a  laboratory  testing  environment.  The  L10  life  value  is  a  means  of  defin¬ 
ing  the  minimum  life  and  is  an  expression  meaning  the  90  percent  reliable  grease  life  in 
bearings.  A  research  plan  was  subsequently  established  for  the  following  three  phases: 

Phase  I:  Develop  the  mathematical  modeling  system  to  evaluate  functional  performance 
of  grease  products. 

Phase  II:  Select  or  develop  accelerated  endurance  testing  method(s). 

Phase  III:  Correlate  laboratory  test  methodology  with  field  performance. 

In  one  of  our  previous  research  efforts,  the  maximum  likelihood  (ML)  computer  pro¬ 
gram  for  the  two-parameter  Weibull  probability  distribution  was  developed  to  meet  the 
primary  objective  of  Phase  I. [2]  To  provide  meaningful  input  data,  the  current  research 
effort  is  directed  toward  developing  the  grease  endurance  testing  procedure  which  is 
planned  in  Phase  II. 

For  the  last  three  decades,  numerous  ball-bearing  and  roller-bearing  grease  endurance 
tests  have  been  devised  for  laboratory  evaluation  of  grease.  Some  of  them  were  used  to 
standardize  specific  test  procedures  in  the  grease  industry,  while  others  were  used  in 
individual  laboratories  for  grease  development.  Among  these  standard  methods,  the 
American  Society  for  Testing  and  Materials  (ASTM)  D352"  test  method.  "Life  Perfor¬ 
mance  of  Automotive  Wheel  Bearing  Grease,”  is  widely  used  in  the  grease  manufactur¬ 
ing  and  automotive  industries.  Because  of  its  application  and  simulation  of  an  operating 
environment,  a  study  was  conducted  to  evaluate  the  ASTM  D352~  method  prior  to 
being  incorporated  into  MIL-G-10924D.  This  report  describes  the  advantages  and  disadvan¬ 
tages  of  this  method,  our  findings,  and  the  results  of  a  feasibility  study  conducted  to 
develop  an  accelerated  endurance  test  using  this  method. 
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Section  II.  OVERALL  REVIEW  OF  AST\1  D3527  METHOD 


The  method  covers  a  laboratory  procedure  for  evaluating  the  high-temperature  ( 1 60  :  C) 
ASTM  D3527  under  specified  conditions.  The  significance  of  this  method  is  that  it  dif¬ 
ferentiates  among  wheel  bearing  greases  having  distinctly  different  high-temperature 
characteristics  only.  The  current  precision  is  as  follows: 


Repeatability  =  0.8  X 
Reproducibility  =  1.2  X 

Where  X  =  average  of  the  two  test  results 


'w. 


r; 


The  basic  configuration  of  the  test  apparatus  consists  of  a  simulated  front  wheel  hub- 
spindle-bearings  assembly,  a  heater,  a  dc-motor,  a  tachometer,  an  elapsed  time  meter,  a 
torque  meter,  and  a  temperature  monitor.  Two  tapered  roller  bearings  were  used  as  the 
test  specimens  in  this  procedure:  L.M67048-LM67010  for  the  inboard  bearing,  and 
LMl  1949-L.M1 1910  for  the  outboard  bearing.  Both  bearings  are  currently  utilized  in 
small  vehicles.  For  the  test,  three  main  parameters  (temperature,  load,  and  speed)  were 
applied  to  this  method.  Initially,  a  test  temperature  of  150'C  was  selected  at  the  out¬ 
board  bearing  because  wheel  bearing  temperatures  associated  with  front  disc  brake 
systems  higher  than  150 3C  were  encountered. [3]  In  1985,  the  test  temperature  was  raised 
from  150  to  160 °C  at  the  outboard  bearing  to  provide  a  more  severe  test  condition.  The 
test  speed  selected  was  1,000  rpm.  The  thrust  load  of  only  25  lb f  (representing  the  vehi¬ 
cle  curb  and  axial  cornering  weight)  was  applied  to  the  test  bearings  because  the  test  ap¬ 
paratus  developed  was  based  on  modifications  of  the  ASTM  D1263,  “Leakage  Tenden¬ 
cies  of  Automotive  Wheel  Bearing  Grease,”  method. [4]  This  preload  was  adapted  from 
a  wheel  bearing  adjusting  nut  torque  value  used  in  light  trucks.  With  these  test 
parameters,  grease  life  was  determined  when  the  drive  motor  torque  exceeded  a  preset 
torque  limit  for  30  seconds  in  20  hours  on,  4  hours  off  cycle  operation. 

The  advantage  of  this  method  was  to  comprehensively  evaluate  all  individual  physical 
properties  of  greases  directly  related  to  high  temperature  and  shear,  using  a  simulated 
front  wheel  bearing  system  and  a  dynamic  laboratory  bench-type  test  apparatus.  The 
disadvantage  of  this  method  was  its  poor  precision.  For  this  reason,  this  method  did  not 
have  the  capability  to  distinguish  between  the  greases  having  similar  high-temperature 
properties.  Finally,  the  test  results  provided  limited  correlation  to  field  performance. 

Since  this  method  was  issued,  it  had  not  been  extensively  utilized  in  grease  research  and 
development  and  specifications  because  of  its  poor  precision,  long  endurance  test  time, 
and  questionable  correlation  with  field  vehicle  operation  conditions.  The  ASTM  Com¬ 
mittee  D2  Subsection  B0. 04  on  Automotive  Greases  is  currently  developing  a  Chavis 
Grease  and  Wheel  Bearing  Grease  specification  to  cover  lubricating  grease  'tumble  for 
the  periodic  relubrication  of  commercial  vehicles. [51  In  this  wheel  bearing  'pecificanon. 
the  ASTM  D352"  method  is  listed  with  its  minimum  requirement  (SO  hour').  Hue  to  the 
method's  poor  precision,  the  following  paragraph  is  included  to  mstifv  tho  requirement: 


"The  lest  requirements  t limits)  aiven  in  this  specification  arc,  as  the  case  nun  he. 
minimum  or  maximum  acceptable  values  for  valid  duplicate  test  results.  \o  additional 
corrections  for  test  precision,  such  as  described  in  the  ASTM  DS244.  "ihiir.aiion  of 
Test  Data  to  Determine  Conformance  with  Specifications,  "  are  to  be  applied  inasmuch 
as  the  pre<  ision  of  the  test  methods  were  taken  into  account  in  the  determination  of  the 
requirements.  " 

However,  the  US  Army  currently  uses  a  modified  version  of  ASTM  D352"  in  the 
MIL-G-10924  specification  without  the  above  reservation.  The  currently  identified 
problem  areas  are  the  termination  criteria  and  the  test  temperature  measurement  techni¬ 
que. [6."]  According  to  the  ASTM  D352",  the  test  temperature  is  measured  from  the 
spindle  hole  in  which  the  thermocouple  is  inserted,  resulting  in  a  temperature  gap  of  20 
to  30  C  between  the  chamber  and  spindle.  It  appears  that  the  test  temperature  is  closer 
to  the  chamber  temperature  instead  of  the  spindle  temperature  because  the  test  specimen 
(wheel  bearing  hub  system)  is  fully  open  in  the  chamber  and  the  heat  transfer  is 
facilitated  by  hot  air  in  the  chamber.  Therefore,  the  actual  test  temperature  is  assumed 
to  be  higher  than  160  rC. 

The  problems  associated  vvi'h  the  ASTM  termination  criteria  used  in  this  method  are: 

•  As  a  consequence  of  the  cyclic  operation,  the  resulting  grease  life  is  probably 
longer  than  the  actual  life  of  the  grease. 

•  Test  results  are  unrepeatable. 

•  Since  the  torque  rarely  reaches  the  preset  torque  limit,  there  is  a  termina¬ 
tion  problem. 

•  The  test  is  terminated  at  room  temperature  rather  than  the  test  temperature. 

The  termination  profile  of  the  ASTM  D352~  method  is  shown  in  Figure  1.  These 
problems  directly  affect  precision.  To  solve  these  problems,  the  ASTM  GO. 05  Subsec¬ 
tion  is  studying  possible  modification  to  this  test  machine.  Ever  since  this  method  has 
been  issued,  there  have  been  informal  reports  of  frequent  equipment  problems. 


I- ij*urc  I.  I rriniiiiilion  Profile  of  (lie  ASTM  1)3527  Method 


Section  III.  THE  LOADING  REQUIREMENT  ON  THE  ASTM  D3527  METHOD 


The  primary  objective  of  this  study  was  to  establish  a  comparative  baseline  for  loading 
requiements  (i.e.,  test  severity)  of  the  three  major  test  parameters  (temperature,  loads, 
and  speed)  to  be  used  in  the  laboratory  grease  endurance  test  procedure.  The  equipment 
targeted  for  use  in  developing  this  wear-life  projection  was  the  ASTM  D352"  test  ap¬ 
paratus.  Because  of  questions  concerning  test  parameters,  the  major  focus  on  this  ap¬ 
paratus  was  the  radial  load  (vehicle  weight)  which  had  been  used  as  a  test  parameter  m 
previously  conducted  grease  investigations  using  the  SKF  grease  test  procedure. [S, 9, 10] 

For  this  reason,  a  study  was  conducted  to  determine  whether  the  radial  load  should  be 
considered  as  a  test  parameter  in  the  grease  endurance  test  procedure.  This  task  was  per¬ 
formed  using  the  differences  of  two  test  methods  (ASTM,  SKF).  The  major  differences 
of  these  methods  were  the  load  treatment  on  the  test  bearing,  termination  criteria,  and 
test  operation  (continuous  vs.  cycle  operation).  To  make  a  comparison,  the  grease  en¬ 
durance  tests  were  performed  according  to  the  Modified  ASTM  D3527  test  method.  The 
grease  used  in  these  tests  was  a  qualified  MIL-G-10924C  grease  evaluated  prev  iously  us¬ 
ing  the  SKF  grease  test  method.  Table  1  presents  test  conditions. 

Thirteen  data  points  were  generated  using  the  four  ASTM  D3527  test  devices.  Due  to 
the  poor  precision,  the  MIL-G- 1 0924 C  “grease  life”  was  determined  using  the  ML  com¬ 
puter  program.  The  L10  life  of  the  MIL-G-10924C  grease  was  projected  to  be  238  hours 
This  L10  life  value  was  approximately  eight  times  longer  than  that  previously  obtained 
from  the  SKF  method  which  gave  an  L10  life  of  32  hours.  This  implied  that  the  grease 
life  also  depends  on  the  load  as  well  as  the  temperature.  Therefore,  the  results  indicated 
that  the  radial  load  (vehicle  weight)  should  be  used  as  a  test  parameter  in  the  grease  per¬ 
formance  test.  These  test  results  are  plotted  to  make  a  comparison  in  Figure  2,  and  their 
test  results  are  provided  in  Figures  3  and  4. 

Table  1.  Grease  Endurance  Test  Conditions  in  the  Modified  ASTM  3527  Method  and 

the  SKF  Method 


Modified  ASTM 

SKF 

Test  temperature 

121  C 

121  C 

Speed 

SOO  rpm 

SOO  rpm 

Thrust  load 

25  lb,-  (fixed) 

560  lb,  (applied  each  5 
minutes  for  40  seconds 
duration  i 

R.  dial  load 

none 

1  ,S~5  lb.  Mixed) 

Test  bearingi 

Tapered  roller  bearing 

-ame  as  VSTM 

Operation 

Cycle  (20  hours  on, 

4  hours  off) 

continuous 

Termination  criteria 

Torque 

Vibration,  rime-up.  Noise 
Fenic c  mire 

MIL-G- 10924C 
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ESTIMATES  FOR  THE  CL  ML  L  ATI  VI  W'EIBl.  I  L  DISTR1BI  Tins 


F(\)  =  1  -E\P(  -i\  A)  'B) 

ESTIMATE  AND  TWO-SIDED  9<Ho  CONFIDENCE  INTERS  M  S 
FOR  DISTRIBUTION  PARAMETERS 

SHAPE  (BETA)  PARAMETER  =  3.5328  SCALE  PARAMETER  =  449.9063 

LOWER  LIMIT  =  2.5310  LOWER  LIMIT  =  342 

LPPER  LIMIT  =  4.9310  UPPER  LIMIT  =  516. 01.-6 

ESTIMATED  COVARIANCE  M  ATRIX  OF  PARAMETER  EST1M  \TLS 

SCALE  SHAPE 

SCALE  1405. 8'8'  9.0111 

SHAPE  9.01)1  .5128 

ESTIMATE  AND  TWO-SIDED  90-U  CONFIDENCE  INTERS  SL  S 
FOR  DISTRIBUTION  PERCENTILES 


PERCENTILE 

PERCENTAGE 

ESTIMATE 

LOSVER  LIMIT 
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2 '6 
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238  318 
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ESTIMATES  FOR  THE  CUMULATIVE  WEIBULL  DISTRIBUTION 


F(X)  =  1  -EXPI  -IX  A)  -  B) 

ESTIMATE  AND  TWO-SIDED  90<U,  CONFIDENCE  INTERVALS 
FOR  DISTRIBUTION  PARAMETERS 

SHAPE  (BETA)  PARAMETER  =  1.5500  SCALE  PARAMETER  =  134. -94- 

LOWER  LIMIT  =  1.1471  LOWER  LIMIT  =  105 

UPPER  LIMIT  =  2.0943  UPPER  LIMIT  =  T2.'S30 

ESTIMATED  COVARIANCE  MATRIX  OF  PARAMETER  ESTIMATES 

SCALE  SHAPE 

SCALE  413.9144  1.-054 

SHAPE  1.7054  .0804 

ESTIMATE  AND  TWO-SIDED  90ro  CONFIDENCE  INTERVALS 
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Figure  4.  Continued 


Section  IV.  NEW  TERMINATION  CRITERIA  FOR  THE  ASTM  D3527  METHOD 


The  current  grease  failure  criteria  used  in  the  ASTM  D352"  method  originally  were 
developed  based  on  a  hardening  of  grease  which,  in  turn,  produced  lubricant  starvation. 
However,  it  now  appears  that  these  criteria  can  only  be  utilized  when  the  running  torque 
value  has  a  higher  value  than  a  steady-state  torque  value  which  developed  at  the  first 
2  hours  of  operation.  In  practice,  the  running  torque  value  does  not  always  produce  a 
higher  value  than  its  initial  value  measured  at  2  hours  of  operation.  In  our  previous 
tests,  evidently,  it  was  observed  that  the  MIL-G-10924C  grease  sample  underwent 
changes  at  1 2 1  ~C  in  two  distinct  stages.  In  the  first  stage,  the  grease  appeared  to  soften 
or  become  semifluid  at  the  given  test  temperature  and  speed.  The  running  torque 
observed  at  this  stage  was  about  a  quarter  of  the  steady-state  torque  obtained  at  the 
first  2  hours  of  operation;  then,  hardening  of  the  grease  occurred  in  the  later  stage.  To 
provide  more  evidence,  a  lubrication  comparison  test  was  conducted  using  the  modified 
ASTM  D3527  method  used  in  the  MIL-G-10924C  grease  endurance  tests.  The  lubrica¬ 
tion  used  in  this  comparison  test  was  the  VV-L-800,  “General  Purpose  Preservative 
Oil,”  having  similar  property  as  the  base  stock  used  in  the  MIL-G-10924C  grease. [11] 
The  results  showed  that  the  lubrication  life  marked  9.3  hours,  and  the  running  torque 
value  was  almost  identical  to  that  obtained  with  the  MIL-G-10924C  grease.  It  would  ap¬ 
pear  that  the  grease  in  question  changed  its  consistency  during  the  test  due  to  the 
temperature  and  shear  forces  incurred  in  the  first  stage.  These  physical  property  changes 
may  affect  grease  endurance  life  and  lead  to  subsequent  bearing  failure.  Generally,  the 
deterioration  of  grease  results  from  oxidation  reactions,  a  breakdown  of  grease  struc¬ 
ture,  excess  bleeding  or  separation  of  oil  from  the  thickener,  and  contamination.[12] 
These  physical  property  changes  can  all  be  considered  as  grease  failure  criteria. 

To  develop  new  termination  criteria  for  the  ASTM  D352'  method,  a  feasibility  study 
was  conducted  using  a  candidate  grease  for  the  “E”  revision  of  MIL-G-10924  Specifica¬ 
tion  and  the  MIL-G-10924C  grease  used  in  the  SKF  tests.  The  former  is  a  high  dropping 
point  grease,  whereas  the  latter  is  a  low  dropping  point  grease.  The  physical  and 
chemical  properties  of  these  greases  are  shown  in  Table  2.  For  the  feasibility  studv  .  the 
following  tentative  termination  criteria  were  developed  based  on  the  softening  of  grease 
indicated  in  the  previous  test  results: 


TC'  =  M  (ST  -  N»  N.  where 

M  =  : 

ST  -  steady -state  torque  value  obtained  at  2  hours  operation 
N  -  to:  ;ae  of  unloaded  motor 
Holdme  tune  for  TG  -  30  second' 


To  make  a  comparison,  grease  endurance  tests  were 
ASTM  termination  criteria  thigh  -et  point)  and  the  1 
l  low  set  point)  at  121  C  and  lno  C  I  he  te't  result' 


performed  using  both  current 
entative  new  :e:m:nat:on  criteria 
are  show  n  ,n  1  able  3 . 


1  1 
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Table  2.  The  Physical  and  Chemical  Properties  of  Tested  Greases 


ASTM 

Method 


Grease 


MIL-G-10924C 


Candidate  Grease 
for  MIL-G-10924E 


N'LGI  Consistency  Number: 


Worked  60X 

D217 

2 

1 

Unworked 

D217 

— 

3  >  •; 

Thickener  Type: 

Calcium 

Lithium  Complex 

Base  oil 

Petroleum 

Polyalphaolefin 

Base  oil  viscosity  at  40  CC,  cSt 

13,3 

220 

Cone  Penetration  (worked  60X): 

D217 

281 

305 

Dropping  Point,  :C : 

D2265 

143 

260- 

Oil  Separation,  ro: 

D1747 

5.2 

0.62 

Evaporation,  ro: 

D972 

5.3 

1.72 

Oxidation: 

Stability,  100  hours 

D942 

2 

*> 

4  Ball  EP,  LWI 

D2596 

35.8 

50 

Table  3.  Grease  Life  in  Both  Termination  Criteria 


Test  Temperature 


1 20  C 
160  5C 


MIL-G-10924C 


LSP* 
80  hours 


HSP** 
150  hours 
>20  hours 


Candidate  Grease 
for  MIL-G-10924E 

LSP  HSP 

—  >  1 ,000  hours 

57 .9  hours  128.8  hours 


*  LSP:  Low  set  point 

•*  HSP:  High  set  point  (current  ASTM  D3527  termination  criteria) 
ASTM  termination  criteria: 

TC  =  8  (initial  torque  -  unloaded  torque  >  -  unloaded  torque 
Holding  time  for  TC:  30  seconds 


i,***  w***  »** 

■  * 


.•.‘N.'SN.v.s.-.  .\,V 


The  candidate  grease  for  M1L-G-10924E  Specification  did  not  follow  either  termination 
criteria  at  121  C.  It  appeared  that  the  test  temperature  (121  :C)  may  be  too  low  to  fully 
stress  or  deteriorate  the  high  dropping  point  grease.  This  grease  was  terminated  by  both 
set  points  when  tested  at  160  :C.  The  grease  terminated  by  the  low  set  point  criteria  ap¬ 
peared  to  be  moderately  oxidized  and  dried  with  free  oil.  On  the  other  hand,  the  failed 
grease  detected  by  the  high  set  point  criteria  appeared  to  be  completely  oxidized  and 
only  residue  grease  remained  in  the  bearings.  The  life  obtained  using  the  low  set  point 
criteria  was  approximately  one  half  of  that  obtained  when  using  the  high  set  point 
criteria.  In  the  other  test,  the  MIL-G-10924C  grease  (low  dropping  point  grease)  also 
followed  both  set  points  at  121  C.  The  condition  of  this  grease  in  both  tests  was  similar 
to  the  condition  of  the  high  dropping  point  grease.  At  160  :C,  this  grease  only  operated 
for  20  hours.  However,  the  actual  “life”  of  this  grease  was  less  than  20  hours  because 
most  grease  failures  were  observed  at  the  initial  cycle  operation  after  a  4-hour  rest. 
Therefore,  the  minimum  life  of  this  method  can  be  considered  to  be  20  hours.  This 
grease  was  not  suitable  to  conduct  the  grease  endurance  test  according  to  the  ASTM 
D352"  method  because  of  its  low  dropping  point  (143:C).  Evidently,  the  grease  com¬ 
pletely  melted  at  the  test  temperature  and  the  tested  bearings  looked  like  unlubricated 
new  bearings.  Both  test  results  indicated  that  the  tentative  termination  criteria  can 
reduce  the  test  time  to  as  much  as  one  half  of  that  obtained  from  the  ASTM  termina¬ 
tion  criteria. 

To  address  whether  the  grease  becomes  soft  or  not  at  the  tentative  termination  criteria, 
a  consistency  test  was  conducted  on  exposed  samples  according  to  the  ASTM  D1403. 
"Cone  Penetration  of  Lubricating  Grease  using  One-Quarter  and  One-Half  Cone  Scale 
Equipment.”  Due  to  the  insufficient  amount  of  grease,  only  the  unworked  penetration 
number  of  the  candidate  grease  for  MIL-G-10924E  was  determined.  The  test  results 
showed  that  the  unworked  penetration  number  measured  from  the  used  grease  (54.4 
hours)  was  softened  by  a  half  NLG1  number  in  comparison  to  that  obtained  from  the 
new  grease.  It  would  appear  that  the  decrease  in  the  running  torque  at  this  stage 
resulted  from  the  combination  of  softening  of  the  grease  and  adsorption  of  certain  ad¬ 
ditives  on  bearing  surfaces.  The  test  results  are  summarized  in  Table  4. 


Table  4.  Consistency  Test  Results 


Grease  L'rmorked  Penetration 

New  I'sed  (54.4  hnursi 

Candidate  grease 

tor  MIL-G- 10924  215  23$ 


To  define  an  additional  failure  criteria  for  tested  greases,  experimental  oxidation  stabili¬ 
ty  tests  were  conducted  using  the  Pressure  Differential  Scanning  Calorimetry  (PDSC) 
method  which  is  being  developed  within  the  ASTM  Committee  D2  Subsection  09.0  E  on 
oxidation.[13]  The  test  results  are  provided  in  Figure  5. 

The  test  results  showed  that  the  MIL-G-10924C  grease  used  in  the  modified  ASTM 
D3527  test  for  80  hours  gave  1.4  minutes  in  induction  time  which  indicates  the  relative 
degree  of  oxidation  in  this  method.  This  value  was  lower  than  that  obtained  from  the 
new  grease  (16.2  minutes)  and  equivalent  to  that  determined  from  the  heavy  oxidized 
residue  grease.  The  new  candidate  grease  for  MIL-G-10924E  showed  a  good  oxidation 
stability  at  the  given  test  conditions,  and  the  grease  used  in  outboard  and  inboard  bear¬ 
ings  for  57.9  hours  marked  15.3  minutes  and  31.9  minutes  respectively.  Both  values 
were  higher  than  those  obtained  from  new  MIL-G-10924C  grease.  Although  the  grease 
was  not  oxidized  at  this  stage,  the  result  indicated  that  the  grease  was  being  degraded  by 
the  temperature  and  shear  force.  Evidently,  the  induction  time  obtained  from  the  used 
grease  (57.9  hours)  was  significantly  lower  than  new  grease  and  higher  than  the  residue 
grease  collected  at  123.8  hours. 

In  summary,  the  grease  lubricated  in  the  outboard  bearing  gave  lower  induction  time 
than  that  obtained  from  the  inboard  bearing  under  the  same  hub  system.  This  implied 
that  the  grease  used  in  the  outboard  bearing  (small  bearing)  failed  earlier  than  grease 
obtained  from  the  inboard  bearing  (large  bearing).  As  the  ASTM  D3527  method  was 
designed  to  determine  the  grease  failure  life  when  grease  packed  in  both  bearings  com¬ 
pletely  deteriorates,  the  grease  failure  occurring  in  the  outboard  bearing  actually  does 
not  signal  failure  life.  Therefore,  this  developed  preliminary  termination  criteria,  based 
on  the  oxidation  and  hardening  of  grease,  intends  to  extend  grease  life  and  sometimes 
give  a  termination  problem.  Based  on  data  developed  to  date,  this  method  needs  new 
termination  criteria  which  can  determine  the  true  grease  life.  The  tentative  termination 
criteria  reduced  the  test  time  and  distinguished  a  good  and  poor  grease  as  well  as  the 
current  method  is  able  to  do. 
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Figure  5.  continued 


Section  V.  THF  RKQl  IRKMFM  OF  Fit)  F1FK  OF  GAA 
IN  THF  ASTM  1)3527  MKT  HOI) 


To  establish  the  requirement  of  L  1 0  life  of  current  GAA  grease  and  the  future  long  life 
Army  grease,  baseline  tests  were  conducted  using  the  ASTM  D352'  method.  Of  the  nin« 
qualified  products  under  the  Mil  . -G-10924D  Amendment  1  Specification,  only  one  high 
dropping  point  grease  was  qualified  to  perform  according  to  the  ASTM  D352“ 
method. [14]  The  other  greases  were  not  included  in  this  evaluation  due  to  their  lower 
dropping  points  (143  C).  Eight  data  points  were  generated  on  the  one  qualified  product 
and  its  LB)  life  was  determined  using  the  ML  computer  program.  The  baseline  grease 
life,  with  90  percent  confidence  intervals,  and  its  numerical  percentile  life  are  shown  in 
Figure  6.  The  L10  life  obtained  from  this  baseline  test  was  52  hours,  and  the  1.50  life 
(representing  the  average  life)  was  1  16  hours.  This  L.50  life  was  longer  than  the  require¬ 
ment  of  the  draft  ASTM  wheel  bearing  specification.  The  average  life  of  conventional 
wheel  bearing  greases  is  between  SO  to  150  hours.  The  current  low  dropping  point 
greases  supplied  under  the  Mil  -G- 109241)  Specification  are  generally  satisfactory  for 
artillery  and  ground  equipment,  hut  not  necessarily  in  doc  brake  wheel  bearing  applica¬ 
tions  because  the  testing  at  160  G  provided  a  life  less  than  20  hours. 


ESTIMATES  FOR  THE  CUMULATIVE  WE  I  BULL  DISTRIBUTION 


F(\)  =  1  -  EXP(  -tX  Al'.Bl 

ESTIMATE  AND  TWO-SIDED  900  CONFIDENCE  INTERVALS 
FOR  DISTRIBUTION  PARAMETERS 

SHVPE  (BETA)  PARAMETER  =  2.363'  SCALE  PARAMETER  =  135.3103 

LOWER  LIMIT  =  1.501’  LOWER  LIMIT  =  105 

UPPER  LIMIT  =  3. '203  UPPER  LIMIT  =  T6.2104 

ESTIMATED  COVARIANCE  MATRIX  OF  PARAMETER  ESTIMATES 

SCALE  SHAPE 

SCALE  462.254'  4.58'5 

SHAPE  4.5875  .4248 


ESTIMATE  AND  TWO-SIDED  900  CONFIDENCE  INTERVALS 
FOR  DISTRIBUTION  PERCENTILES 


PERCENTAGE 

PERCENTILE 

ESTIMATE 

LOWER  LIMIT 

UPPER  LIMIT 

1.0 

19 

7 

53 

5.0 

39 

19 

'8 

10.0 

52 

30 

93 

20.0 

72 

46 

113 

50.0 

116 

87 

156 

1 

O 

o 

147 

114 

189 

90.0 

193 

149 

250 

95.0 

216 

164 

285 

99.0 

259 

188 

35.8 

99.9 

308 

21  1 

448 

L 10 
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LCL 

MED  LCL 

30 

52  93 

8' 

116  156 

Figure  6.  Continued 


Section  VI.  DISCUSSION  AND  CONCLUSIONS 


Although  the  ASTM  D352”  method  was  studied  with  limited  data,  it  can  be  con¬ 
cluded  that  this  method  may  be  as  good  as  the  screening  test,  but  not  applicable  to  use 
in  the  Army  grease  specification  without  any  modification.  The  reasons  are  that  this 
method  has  poor  precision  and  definition  of  the  meaning  of  the  test.  Based  on  test 
results,  grease  life  also  depends  on  the  load  as  well  as  the  temperature.  Therefore,  the 
radial  load  should  be  used  as  a  test  parameter  with  the  thrust  load. 

The  current  aSTM  termination  criteria  developed  based  on  a  hardening  of  grease  gave  a 
termination  problem  and  tended  to  extend  grease  life.  The  new  developed  tentative 
termination  criteria,  based  on  the  softening  of  grease,  reduced  the  test  time  as  much  as 
one  half  of  that  obtained  from  the  current  ASTM  termination  criteria.  It  also  differen¬ 
tiated  between  a  good  and  a  poor  grease  as  well  as  the  current  ASTM  D352~  does. 
Results  clearly  show  that  this  approach  resolved  the  problem  associated  with  the  current 
method.  Further  study  of  this  termination  would  be  beneficial  for  developing  an  ac¬ 
celerated  grease  endurance  method. 

The  L10  life  of  high  dropping  point  grease  supplied  under  MIL-G-10924D  Specification 
obtained  52  hours,  and  L50  life  (representing  the  average  life)  was  116  hours,  which  is  a 
longer  life  than  the  requirement  of  the  draft  ASTM  wheel  bearing  specification 
(SO  hours).  The  traditional  iow  dropping  point  MIL-G-I0924D  grease  provided  less  life 
than  20  hours.  It  appears  that  this  grease  is  not  satisfactory  in  disc  brake  whet!  bearing 
applications. 
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St.  L  ouis,  MO  63 120-1  "98 

Commander 

L’S  Arms  General  Materiel  A 
Petroleum  . Net i s its 
US  Arms  Troop  Support  Command 
ATTN:  STRGP-F  (Mr.  Ashbrook) 

ATTN:  STROP -FT  (Mr.  Foster) 

ATTN:  S TRGP-J  F.  Bldg  85-3 
i Mr.  Liars  Smith ) 

Ness  Cumberland.  P\  I"0_0-500S 


1  Commander 

US  Arms  General  Materiel  A 
Petroleum  Actisits 
US  Army  Troop  Support  Command 
ATTN:  STRGP-PW  (Mr.  Price) 

BLDG  24~.  Defense  Depot  Tracs 
Tracy.  C.A  953“6-5051 

1  HQ 

US  Army  Armament.  Munitions  A 
Chemicals  Command 
ATTN:  AMSAR-LEM 
Rock  Island  Arsenal.  1L  61299-6000 

1  Commander 

US  Army  Research  A  Standardization 
Group  (Europe) 

ATTN:  AMXSN-L  K-RA  (Dr.  Oertel) 
ATTN:  AMXSN-L  R-SE 
Box  65 

FPO  Ness  York  09510 
1  Commander 

US  Army  Yuma  Prosing  Ground 
ATTN:  STEYP-MT-TL-M  (Mr.  DoebbI 
Yuma.  AZ  85364-9130 

1  Commander 

Construction  Engineering  Research 
Laboratory 
ATTN:  CERL-EM 
ATTN:  CERL-ES  (Mr.  Ca>ei 
ATTN:  CERL-EH 
P.O.  Box  4005 
Champaign,  IL  61820 

1  Program  Manager,  Tank  c  s,  ms 
ATTN:  AM  Cl  M-GCM-SM 
ATTN:  AMCPx '  M'- 
Warren.  MI  483 

1  Program  Man. i  ter. 

Bradley  Fighting  Vehicle  S> stems 
ATTN:  AMCPM-FVS-M 
Warren.  MI  4839" 


Program  Manager,  Tactical  Vehicle 
ATTN:  AMCPNI-TY 
Warren,  Ml  4S39- 

Product  Manager,  Mil?  Family  of  Vehicles 
ATTN:  AMCPM-M 1 1 3-T 
Warren.  MI  4839' 

Project  Manager,  Light  Combat  Vehicles 
ATTN:  AMCPM-LCV-TC 
Warren,  MI  4839" 

Project  Manager,  Light  Armored  Vehicles 
ATTN:  A.MCPM-LA-E 
Warren,  MI  4839" 

Commander 

L'S  Army  Quartermaster  School 
ATTN:  ATSM-CD 
ATTN:  ATSM-TD 
ATTN:  ATSM-PFS  (Mr.  Elliott) 

Fort  Lee.  YA  23801 

Commander 

L'S  Army  Armor  of  Engineer  Board 
ATTN:  ATZk-AE-AR  ~ 

ATTN:  ATZK-AE-LT 
For:  Knox.  N’t'  40121 

t  ommander 

LS  Arms  Field  Artillery  School 
ATTN:  ATSF-CD 
1  or:  Si'll.  OK  "3503-5600 

Commander 

L  S  Arms  Transportation  School 
ATTN:  ATSP-CD-MS  (Mr.  Harnet) 

F  o i  (  Eti'tis.  \  A  23604-5000 

Comma  nder 

L'S  Arms  Infantry  School 
\TTN :  ATSH-C D-MS-M 
Fort  Bcnnmg.  GA  31405-5400 

Commander 

l  S  Arrm  .Aviation  Center  A:  Fort  Rucker 

ATTN:  A  I/O  1)1 
Fort  Rucker.  AL  36362 


1  Commander 

L'S  Army  Engineer  school 
ATTN:  ATZA-TSM-G 
Fort  Behoir.  \  A  22'  i6o-5rS, 

1  Commander 

L'S  Arms  Ordnance  Center  ec  svho.  ; 

ATTN:  ATSL-CD-CS 

Aberdeen  P:ov :ng  Grumd.  ML)  2L  “  '5 

1  Director 

Belxoir  Fuels  \  1  ubruan:-  Re- carer. 

Facility  iS'aRIi 
ATTN:  Mr.  S.  .1 .  Lest? 

Post  Office  Drawer  2M']o 
San  Antonio.  T\  's3sa 

DEPARTMENT  OF  THE  AIR  FORCE 

1  Commander 

L'S  Air  Force  Wright  Aeronautical 
Laboratories 

ATTN:  AFWAL  POSL  (Mr.  Jones) 
ATTN:  AFWAL  N1LSE 
ATTN:  AFWAL  NILBT  (Mr.  Snyder) 
Wright-Patterson  AFB.  OH  45433-656? 

1  Commander 

San  Antonio  Air  Logistics  Center 
ATTN:  SAALC  SFT  (Mr.  NlakrtM 
ATTN:  SAALC  MMPRR 
Kelly  Air  Force  Base.  T\  “8241 

1  Commander 

W  arner  Robins  Air  Logistics  Center 
ATTN:  WRALC  MMTV  (Mr.  Graham  i 
Robins  Air  Force  Base.  GA  3109S 

DEPARTMENT  OF  THE  NAN  N 

1  Commander 

Naval  Air  Propulsion  Center 
ATTN:  PL-33  (Mr.  I)' Ora/toi 
\TTN :  PE-32  iMr.  Mangionoi 
FLO.  Box  To 
Trenton,  N.I  06S2S 


Office  of  Chief  of  Naval  Research 
ATTN:  OCNR-126 
Arlington.  VA  22217-5000 

Commander 

Naval  Air  Engineer  Center 
ATTN:  Code~92727 
Lakehurst,  NJ  08733 

Commander 

Naval  Sea  Systems  Command 
ATTN:  Code  05M4 
Washington.  DC  20362-5101 

Commander 

David  Taylor  Naval  Ship  Research 
&  Development  Center 
ATTN:  2830  (Mr.  Singerman) 

ATTN:  Code  2831 

ATTN:  Code  2759  (Mr.  Strucko) 

Annapolis,  MD  21402-5067 

Commander 

Navy  Petroleum  Office 

ATTN:  Code  43  (Mr.  Long) 

Cameron  Station 
Alexandria,  VA  22304-6180 

Commanding  General 
L'S  Marine  Corps  Development  & 
Education  Command 
ATTN:  D074 
Quantico,  VA  22134 

Joint  Oil  Analysis  Program  -  Technical 
Support  Center 
Bldg  780 

Naval  Air  Station 
Pensacola,  FL  32508 

Commander 

Naval  Research  Laboratory 
ATTN:  Code  6 TO 
ATTN:  6180 
ATTN:  6110 

Washington,  DC  20375-5000 


1  Commander 

Naval  Air  Systems  Command 
•  ATTN:  Code  53645  (Mr.  Mearns) 
Washington.  DC  20361 

1  Commander 

Naval  Air  Development 
ATTN:  Code  60612 
Warminster,  PA  18974 

1  Project  Manager,  M60  Tank  Development 
ATTN:  USMC-LNO 
US  Army  Tank-Automotive  Command 
(TACONI) 

Warren,  MI  48397 

1  Commander 

Naval  Ship  Engineering  Center 
ATTN:  Code  6764 
Philadelphia,  PA  19112 

DEPARTMENT  OF  DEFENSE 

1  Commander 

Defense  General  Supply  Center 
ATTN:  DGSC-SSM  (Mr.  Reynolds) 
ATTN:  DGSC-STC  (Mr.  Doyle) 
Richmond,  VA  23297-5000 

1  Defense  Advanced  Research  Projects  Agen 
Defense  Sciences  Office 
1400  Wilson  Boulevard 
Arlington.  VA  22209 

1  Defense  Standardization  Office 
ATTN:  Dr.  S.  Miller 
5203  Leesburg  Pike,  Suite  1403 
Falls  Church,"  V A  22041 

OTHER  FEDERAL  AGENCIES 

1  National  Aeronautics  and  Space 
Administration 
Lewis  Research  Center 
Cleveland.  OH  44135 


National  Institute  for  Petroleum 
and  Energy  Research 
P.O.  Box  2128 
Bartlesville.  OK  "4005 

Department  of  Energy 
CE-151.  ATTN:  Mr'.Ecklund 
1000  Independence  Ave.,  SW. 

Washington,  DC  20585 

Southwest  Research  Institute 
Fuels  &  Lubricants  Research  Division 
6220  Culebra  Road 
San  Antonio,  TX  "8284 

Mobil  Research  &  Development  Corp. 

Mr.  John  A.  Keller 
Paulsboro,  NJ  08066 

Witco  Corporation 
Mr.  Jon  C.  Root 
1400  South  Harrison 
P.O.  Box  1974 
Olathe,  KS  66061 

Battenfeld  Grease  &  Oil  Corporation 
of  New  York 
Mr.  Thomas  G.  Musilli 
1 174  Erie  Avenue 
Box  "28 

North  Tonawanda,  NY  14120 

BELY  OIR  RI)&E  CENTER 

Commander  STRBE-Z 

Deputy  Commander  STRBE-ZD 

Technical  Director  STRBE-ZT 

Assoc  Tech  Dir  (E&A)  STRBE-ZTE 

Assoc  Tech  Dir  (R&D)  STRBE-ZTR 

Executive  Officer  STRBE-ZX 

Sergeant  Major  STRBE-ZM 

Advanced  Systems  Concepts  Dir  STRBE-H 

Program  Planning  Div  STRBE-HP 

Foreign  Intelligence  Div  STRBE-H F 

Systems  and  Concepts  Div  STRBE-HC 


5  Materials.  Fuels.  & 

Lubricants  Lab  STRBE-V 
25  Fuels  &  Lubricants  Div  STRBE-YF 
10  Mr.  Rhee  STRBE-YFH 
3  Security  Office  (for  liaison 
officers)  STRBE-S 
2  Tech  Library  STRBE-BT 
I  Public  Affairs  Office  STRBE-I 

I  Office  of  Chief  Counsel  STRBE-L 
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